






2 + 2 = 5: the Politics of Number in Writing about the Soviet Union​[1]​

When Western writers thought about Communism, or about the Soviet State, they often also thought about numbers. From simple counting to advanced mathematics, the realm of number and numbers was often disturbed by literary encounters with the Soviet Union. Winston Smith's final acceptance, under torture, of the proposition that 2 + 2 = 5, is one of the most memorable tropes in Orwell's Nineteen Eighty-Four, and it immediately provoked a debate (involving Marxists such as Isaac Deutscher and James Strachey) about the relationship between Soviet Communism and enlightenment rationality. What has been less frequently acknowledged, however, is that the example from Orwell is not an isolated one. This paper explores the range of ways in which mathematics, arithmetic, or questions of number were invoked in analyses or descriptions of the Soviet Union. The level of sophistication at which writers thought about the politics of number varied: some writers discussed below had knowledge of advanced mathematics, or recent philosophical debates about the foundations of mathematics, and thus their thinking about the political possibilities of numbers was inflected by their engagements with the discipline of mathematics or with the philosophical critique of its presuppositions. Others use arithmetic, or mathematical equations, in a looser way: as a sort of synecdoche for calculative rationality itself. My wager here is that these things can and perhaps ought to be considered together, justifying my claim that the politics of number was one of the period’s fundamental concerns, and that—for the mathematically knowledgeable as well as the ignorant—the Soviet Union was a key site where these concerns were worked out. 




In his Treatise on Probability (1921), John Maynard Keynes commented that:

The hope, which sustained many investigators in the course of the nineteenth century, of gradually bringing the moral sciences under the sway of mathematical reasoning, steadily recedes—if we mean, as they meant, by mathematics the introduction of precise numerical methods. The old assumptions, that all quantity is numerical and that all quantitative characteristics are additive, can no longer be sustained. 	Mathematical reasoning now appears as an aid in its symbolic rather than its numerical character. I, at any rate, have not the same lively hope as Condorcet, or even as Edgeworth, “éclairer les Sciences morales et politiques par le flambeau de l’Algèbre.”​[2]​

Condorcet's ambition—to illuminate the moral and political sciences by the light of algebra—typifies a certain strain of enlightenment thinking that Keynes thought was over and done with. Yet the debate about whether the mathematisation of politics and morality was possible persisted, and it became a framework through which to view and to understand the Russian Revolution and the subsequent development of the Communist state. For example, Malcolm Muggeridge had travelled as a sympathetic socialist to the Soviet Union in 1932 and, by his own account, had his eyes opened to the horrors of Communism. He described British friends of the Soviet Union

repeating, like school children a multiplication table, the bogus statistics and dreary slogans that roll continuously – a dry and melancholy wind – over the emptiness of Soviet Russia.​[3]​

The problem for Muggeridge is that under Communism an arid utilitarian calculus has taken over from human morality. Muggeridge’s novel of the same year, Winter in Moscow, a savage portrait of the Soviet Union at the time of the terror-famine, is preoccupied with the inhumanity of numbers and the Dictatorship of the Proletariat’s attempts to apply arithmetically precise formulae to human society. The novel focuses on a group of foreign journalists, compromised, duped or bribed by the regime’s agents, and contending with censorship. Muggeridge writes that Cooley, an American journalist, ‘had often tried to cut a way through the jungle of Soviet statistics, but without success’, and his motto is that “You can’t make a story out of figures”. The novel’s true-believing communists, on the other hand, reel off statistics are portrayed as being under the power of a calculative rationality that has departed from morality. Their devotion to the cause is frequently described using mathematical imagery. Three girls ‘chanted together like school children reciting a multiplication table’—a recurring image in British discussions of Soviet society—and Prince Alexis’s conversion to communism is compared to the discovery of an ‘exact’ formula that ‘opened out the possibility of clearing the world altogether of human beings and leaving only a principle existing.’​[4]​ Muggeridge’s criticisms of the Soviet Union clearly do not require him to actually know anything about mathematics: as Keynes wrote, ‘[m]athematical reasoning now appears … in its symbolic rather than its numerical character’. It is enough, for Muggeridge, to know that numbers are the enemy of humanity.
	Writing a few years later in 1938, describing the events of a decade earlier, a worldly-wise Christopher Isherwood ascribed a pathological attachment to mathematical reasoning to his friend Edward Upward, who became a Communist. Isherwood described this search for truth in Lions and Shadows, a memoir in which Upward features as a character called ‘Chalmers’, who strove ‘to find the formula which would transform our private fancies and amusing freaks and bogies into valid symbols of the ills of society and the toils and aspirations of our daily lives’. Chalmers found the formula, Isherwood wrote, ‘clearly set down, for everybody to read, in the pages of Lenin and of Marx.’​[5]​ Whether or not the analogy between Marxism and such a mathematical ‘formula’ can stand up is a moot point. Isherwood clearly views this formula with some irony, implying that Upward is drawn to this mathematical credo because of some psychological weakness. Benjamin Kohlmann has shown​[6]​ how “Chalmers” became a key figure for the writers of the 30s as they debated the dangers that going over to the Communist Party represented for their art: as John Lehmann put it, the ‘imaginative gift in “Chalmers” [was] slowly killed in the Iron Maiden of Marxist dogma.’​[7]​ For both Isherwood and Muggeridge (and I could cite other examples in this vein) the attempt to apply Marxism in Russia confirmed that the aspiration of Codorcet to apply mathematics to society was intrinsically flawed. 
Isherwood and Muggeridge both recoiled from the simple certainties of arithmetic, then, and the realm that they recoiled into is the supposedly complex and uncertain one of literature: the Empsonian province of ‘ambiguity’ that the multiplication table did not seem to admit. Steven Connor has recently explored the assumption in the humanities that ‘there is a deep and dangerous antagonism between the realm of number and the realm of words and images.’ According to this belief, ‘The realm of the qualitative must be secured against the deadening incursions of the quantitative. … The more the realm of number expands, we fear, and thereby also reassure ourselves, the more the realm of the human diminishes.’​[8]​ Connor then suggests that our continued complicity in the Romantic rejection of number leaves us intellectually and politically impoverished. He argues for the rehabilitation of an ‘enhanced utilitarianism’. The elaboration of a refined literary sensibility, descriptive of a humanity that must strive to break free from the tyranny of number, was a central theme of what might be called Romantic anti-communism, and Isherwood and Muggeridge are only two examples of many who thought in this way.
Still, there were writers who were more at home with Communism’s presumed lust for utilitarian calculation. George Bernard Shaw, who by the 1930s was a committed Stalinist, also used the term “multiplication table” to describe the ideology of the Communist government, but favourably.​[9]​ Shaw thought that Condorcet’s ambition was being realised in a process he labelled ‘the rationalization of Russia’, and a good thing too.​[10]​ He conceded that people would die in the application of such a method, but argued that these deaths were the necessary price of progress towards a mathematically perfect society. In a sense such views reflect the ubiquity of statistics in the Communist government’s own self-presentation, and the mathematical imagery that often featured in the Bolsheviks’ pronouncements, most famously in Lenin’s equation: “Communism is equal to Soviet power plus the electrification of the entire country”.​[11]​ Shaw and Muggeridge, with their antithetical positions vis a vis the Soviet Union, nevertheless share set of widespread assumptions about the relationship between politics, number and the Russian Revolution. They assume either that Marxism is arithmetical, or that Leninism is an arithmetized version of Marxism. It is telling that in both cases it is the image of the multiplication table—a continuous function—that is deployed. They rely on a picture of mathematics as an internally consistent, mechanistic, rational science dealing in whole, rational numbers and in equations with predictable, finite outcomes. Shaw and Muggeridge only differ over whether it is possible or desirable to manage human affairs according to such a mechanism.

Clearly, utilitarian debates about the politics of number have a nineteenth-century background in both Russian and British literature. 2 + 2 = 4—an equation that was deployed in both literatures as a synecdoche for reductive rationalism—meant something different in the two countries. In Steven Connor’s argument about the humanities’ allergy to number, Charles Dickens is made to exemplify the romantic reaction against utilitarianism. Thomas Gradgrind in Hard Times, holds that 'two and two are four, and nothing over' and personifies the subjection of the rich complexity of human experience to ‘the multiplication table’ (again).​[12]​ In the course of the novel, Gradgrind learns the error of his ways—or should I say the misplaced exactitude of his ways—and becomes a sentimental, doting father. 
2 + 2 = 4 had a different range of political meanings in nineteenth-century Russian literature. The so-called ‘men of the 1860s’—whose key figure was Nikolai Chernyshevsky—belonged, wrote E.H. Carr, to ‘the age of the supreme cult of science.’​[13]​ Dostoevsky’s reaction against this rationalising tendency in Notes from the Underground (1864) sees the narrator berating rationalist reformers and radicals, asserting that ‘[t]wice two’s four, well in my opinion it’s a cheek. … to give everything its due praise, twice two is five can also be a very nice little thing.​[14]​ The ascetic rationalism of the men of the 1860s was further satirised in Turgenev’s Fathers and Sons (1862) in the figure of the nihilist Evgeny Bazarov, who says: ‘What’s important is that twice two is four and all the rest’s nonsense.’ Arkady Nikolaevich, Bazarov’s friend and disciple, further explains what a nihilist is:

a man who doesn’t acknowledge any authorities, who doesn’t accept a single principle on faith, no matter how much that principle may be surrounded by respect.​[15]​ 

Bazarov’s ‘Nihilism’, then, simply resembles the scientific attitude, which in the British context would scarcely be seen as radical or revolutionary. Indeed Bazarov immediately recalls Gradgrind. Turgenev clearly aligned himself with the romantic reaction against such a priori certainty in his prose poem ‘Prayer’: ‘Whatever man prays for, he prays for a miracle. Every prayer reduces to this: ‘Great God, grant that twice two be not four’.​[16]​ In Britain, 2 + 2 = 4 was a heresy of the bourgeois establishment, whereas in Russia, it was a heresy of the nihilist radicals.

I want now to turn again to the twentieth century and to Orwell, where the politics of arithmetic undergo a shift in relation to their British and Russian contexts. In Nineteen-Eighty Four—very largely a portrait of Stalin’s Russia—Winston Smith is tortured by O’Brien until he accepts the proposition that 2 + 2 = 5. Looking at Orwell’s sources for the equation reveals a complex and multi-layered set of correspondences with texts that he read and reviewed over a long period of his career. One of these was the American journalist Eugene Lyons’s account of his time in the Soviet Union from 1928 to 1934, Assignment in Utopia (1938) which Orwell praised in a review.​[17]​ Lyons's book included a chapter called ‘Two Plus Two Equals Five’, describing industrialisation during the First Five-Year-Plan. Here, the familiar theme of the Communist obsession with statistics is at issue, but the chapter also suggests ways in which an excessively calculative rationalism might push over into the irrational. Lyons was interested in the celebrations around the completion of the Five-Year-Plan, which gave rise to official slogans such as “The Five Year Plan in Four Years” and then (on a more surreal note) “2 + 2 = 5”. He wrote:

The formula 2 + 2 = 5 instantly riveted my attention. It seemed to me at once bold and preposterous—the daring and the paradox and the tragic absurdity of the Soviet scene, its mythical simplicity, its defiance of logic, all reduced to nose-thumbing arithmetic…. 2 + 2 = 5: in electric lights on Moscow housefronts, in foot-high letters on billboards, spelled planned error, hyperbole, perverse optimism; something childishly headstrong and stirringly imaginative…. 2 + 2 = 5: a slogan born in premature success, tobogganing toward horror and destined to end up, lamely, as 2 + 2 ¼ = 5….’​[18]​

Lyons reproduced the standard complaint that Communism leans too heavily on quantitative, numerical methods. But he was also captivated by the paradox that the regime could use a slogan that flew in the face of statistical calculation. 2 + 2 = 5 represents the victory of the regime’s magical power over the dictates of reason and common sense. Lyons’s account of the significance of this equation disrupted the classic identification of the Soviet Union with a narrowly rationalistic utilitarianism. 
	One of Orwell’s other key sources for the use of arithmetic in Nineteen-Eighty Four was Yevgeny Zamyatin’s We (1923), which he also reviewed favourably.​[19]​ Like Shaw and Muggeridge, Zamyatin implied that the revolution had applied a rigid form of quantitative reasoning to social life. But his recoil from rigid utilitarian thinking is supplemented by a use of mathematics are more complex than either of those writers. The novel depicts what Zamyatin refers to as ‘the mathematically perfect life of the One State’. The novel’s characters (like the pupils at Dickens’s M’Choakumchild school) have numbers instead of names. While there is no necessary connection between the assignment of an identifying number and either mathematics or the calculative rationality it is often taken to represent, it is clear that for Dickens and for Zamyatin it is freighted with political meaning, signalling the reduction of humanity to interchangeable units. This is a world where ‘dreams are a serious psychic disease’, because they don’t fit into a perfectly ordered rational society, and the state declares that ‘YOU WILL BE PERFECT, YOU WILL BE MACHINE-EQUAL’. When the rebellion against the One State begins, it is in part a rebellion against numbers. I-330, the rebellious woman with whom the protagonist D-503 is in love, tells him that ‘“you are overgrown with numbers, numbers crawl all over you, like lice.”’​[20]​ 
	Yet Zamyatin does not simply equate mathematics with rationalism. Edna Andrews has shown how a complex mathematical schema underlies the novel’s construction—a dance of prime numbers (including the main character D-503 and his rival in love R-13) which Andrews adds, subtracts and multiplies, attempting to show that ‘the numerical and mathematical texts register information about character interaction much sooner than the verbal text’.​[21]​  Some of the equations that Andrews detects under the surface of the ‘verbal text’ strike me as fortuitous. Nevertheless Zamyatin—an engineer by training—understood and engaged with mathematics in a way that Dickens, for example, was not interested in doing, by thematising irrational numbers and imaginary numbers. The novel’s central character, D-503, spends much of the novel trying neurotically to fit into the One State’s rigid conception of a mathematically ordered polity, and trying to repress the irrational, human sides of his character that don’t fit the model. Yet the latter also find expression in mathematical terms. He is haunted by the figure of the square root of minus one (√-1); he hates it because it does not admit of a real solution.​[22]​ In mathematics, it is a so-called ‘imaginary number’. Perhaps, then, the rebellion against the One State is not a rebellion against mathematics per se. Orwell may have misread the novel when he suggested that Zamyatin 'had a strong leaning towards primitivism'. Gleb Struve (an expert in Soviet literature at the School of Slavonic and East European Studies) responded to Orwell's review by stressing that '[h]is mathematical training is strongly reflected in all his work'.​[23]​ For Zamyatin, there existed the possibility of a more humane mathematics, encompassing phenomena such as imaginary numbers. The project of freeing oneself from the iron cage of rationality—from a totalitarian state—is best pursued by taking mathematical thinking beyond the confining categories of mere arithmetic, not by rejecting maths wholesale.
	This possibility had been suggested by Russian mathematicians of recent times. At the fin de siècle, a number of prominent Russian mathematicians and thinkers became interested in the ways in which mathematics could test the boundaries of calculative rationality, or disrupt it entirely. One of the most influential thinkers to develop the philosophical implications of this was Nicolai Vasilievich Bugaev, who addressed the First International Congress of Mathematics in Zurich in 1897 with a fascinating paper called 'Les  mathématiques et la conception du monde au point de vue de la philosophie scientifique'. He argued that the ‘idea of the continuity of natural phenomena has begun to penetrate into biology, psychology and sociology’ [L'idée de la continuité des phénomènes de la nature a commencé à pénétrer dans la biologie, la psychologie et la sociologie]. Continuous functions—like the multiplication table—can be plotted as a straight line that is entirely predictable, and Bugaev argued that when social trends and transformations were expressed as continuous functions, the procedure would result in a misrepresentation of the phenomenon under examination. 

Continuity, therefore, explains only one aspect of the phenmena of the universe. Analytic functions are immediately linked with continuity. These functions can only explain the simplest phenomena of life and of nature. The analytic conception of the world is therefore insufficient. It cannot not extend to all the facts of nature, nor explain all of its phenomena.  
	[La continuité n'explique donc qu'une partie des phénomènes de l'univers. 	Les fonctions analytiques sont immédiatement liées avec la continuité. 	On ne peut employer ces fonctions que pour expliquer les phénomènes 	les plus simples de la vie et de la nature. La conception analytique du 	monde est donc insuffisante. Elle ne s'étend pas à tous les faits de la 	nature, n'explique pas tous ses phénomènes.]​[24]​

Bugaev’s resistance to the idea of applying continuous functions to social problems was a way of dissenting from the deterministic Marxism that had taken root among the Russian intelligentsia in the 1890s. His solution was not to recoil from mathematics, but to change the focus of the discipline by working on arythmology, the study of discontinuous functions. Mathematicians had conventionally believed that discontinuous functions were aberrations: the French mathematician Hermite famously called them “monsters”.​[25]​ Bugaev by contrast emphasised their beauty and their ethical importance, arguing that they allowed room for ‘independent and autonomous individuality’ ['l'individualité indépendante et autonome'].​[26]​ Bugaev’s student at the University of Moscow, Pavel Florensky, took up his ideas, making arythmology the centre of a mystical worldview that led him into the Orthodox priesthood and then into some very bizarre mathematical and religious views.​[27]​ Floresnsky’s ideas nevertheless proved to be highly influential on the generation of Russian mathematicians who were working at the time of the revolution.
	Bearing in mind the spiritual and political possibilities that Bugaev, Florensky and Zamyatin had found in advanced mathematics, let us turn to Nineteen Eighty-Four and remind ourselves of precisely what is at stake in O’Brien’s interrogation of Winston. Earlier in the novel Winston had written in his diary that: ‘Freedom is the freedom to say that two plus two make four. If that is granted, all else follows.’​[28]​ The fact that Orwell’s protagonist tries to resist what Shaw called the ‘rationalization of Russia’ by invoking the most purely rational equation he can think of, suggests that the conventional relationship between Communism and arithmetic has been reversed. The anti-totalitarian dissident Winston now joins the bourgeois capitalist Gradgrind and the nihilist Bazarov in a heterogeneous group of literary characters who place their political faith in the idea that 'two plus two make four'. O’Brien, who has read Winston’s diary, picks up this theme. The key passage is the one in which O’Brien attempts to force Winston into believing that 2 + 2 = 5, or that he is holding up five fingers when there are only four. O’Brien uses a machine to deliver jolts of pain measured on a scale of 0-100:









	The word ended in a gasp of pain. The needle of the dial had shot up to fifty-five.’​[29]​

It seems significant that the torture is delivered in shocks whose intensity is given a numerical value precisely at the moment when O’Brien is trying to torture Winston out of his ability to count. The romantic critique of utilitarianism had long insisted that it was impossible to calculate the ‘greatest pleasure of the greatest number’ because it was impossible to assign a quantitative value to either pleasure or pain. In this respect, at least, O’Brien and his machine seem very capable of adding two and two and getting four. In response to increasingly painful shocks a broken Winston shouts that there are indeed five fingers, to which O’Brien replies that ‘You are lying. You still think there are four’.​[30]​ It is not enough, O’Brien says, that Smith should say that there are five. He must believe it, and, by extension, anything else that the Party holds to be the case, however contrary to the dictates of reason or common sense or empirical observation. Orwell’s text imagines a regime that attains a complete mastery of number, but not out of any fidelity to rationalism. Indeed, as in Eugene Lyons’s depiction of the Soviet Union, Orwell’s regime seems to be one in which the rationalistic implementation of calculative reason has flipped over into its opposite: 2 + 2 = 5. For Orwell this bears on the question of the possibility of a priori knowledge of mathematical precepts, which brings me to the second part of my paper, and the question of the foundations of mathematics. 

2. The Foundations of Mathematics

	During the interrogation, Winston responds to O’Brien in the following terms:

'How can I help it?' he blubbered. 'How can I help seeing what is in front of my eyes? Two and two are four.'​[31]​

This raises a question that has not much been commented on in the context of this novel, a question about whether the freedom to say that two and two make four might be different from the freedom to observe that there are four fingers being held up before one’s eyes.​[32]​ For philosophers from Plato to Descartes, mathematical statements were viewed as a priori truths, not reliant on experience. The phrase ‘[f]reedom is the freedom to say that two plus two make four’ seems to adhere to this view of mathematics, supplementing it with an additional political meaning: the individual’s ability to articulate basic, a priori truths of which mathematical statements are an example, is the test of the extent of freedom available in a given regime. 
	Two things in Orwell’s text lead us to question this view of mathematics. Firstly, we are given to understand that, in fact, the party has the ability to override the individual’s ability to know that two plus two makes four. In Oceania, there is no freedom, and that includes the freedom not only to say but to think that two plus two make four—unless the Party wills it. Winston believes that facts (such as the propositions of arithmetic) exist outside the individual mind, but the events of Orwell’s novel disprove Winston’s notion that clinging to these will in the end do any good in a totalitarian society. O’Brien’s assertion that ‘Whatever the party holds to be truth, is truth’ in the end holds sway.​[33]​ Winston comes to believe that that 2 + 2 is not necessarily 4 and to love Big Brother, just as Gradgrind learns that 2 + 2 is not necessarily 4 and to love his children. Secondly, Winston’s question, ‘how can I help seeing what is in front of my eyes?’, seems to make mathematical statements dependent on empirical observation. This interrogation conflates questions about the reliability of empirical sense data with questions about the accessibility of the unchanging forms of mathematical reality posited by Plato. Orwell’s use of mathematics goes beyond the somewhat simplistic binary identified by his Marxist critics such as Isaac Deutshcer and James Strachey whereby Stalinism must be understood as either an excess of rationality or a reversion to irrationality.​[34]​
	Indeed, Orwell had begun to raise these questions in his journalism before the writing of Nineteen Eighty-Four, where references to the question of whether two and two made four or five tend to blur distinctions between mathematical and other forms of knowledge. For example, in his essay ‘Looking Back on the Spanish War’ he describes his premonitions about:

a nightmare world in which the Leader, or some ruling clique, controls not only the future but the past. If the leader says of such and such an event “it never happened”—well, it never happened. If he says that two and two are five—well, two and two are five.​[35]​ 

The parallel between the manipulation of history and of mathematics itself is implicit in the syntactical mirroring of the two sentences. But Orwell does not press the point and the reader is left to ponder whether these are merely parallel or in fact identical procedures. There is no attempt to distinguish the supposed apriority of the mathematical statement from the empirical grounding of the historical one. Similar ambiguities are at play in Orwell’s review of Bertrand Russell’s Power: A New Social Analysis, which questioned Russell’s naive ‘idea that common sense always wins in the end’. Orwell suggests instead that ‘[i]t is quite possible that we are descending into an age in which two and two will make five when the Leader says so’.​[36]​ Orwell argues here and elsewhere that the persistent rationalism of old Edwardians like Russell and Wells would not allow them to come to an understanding of modern politics and in particular its totalitarian movements. 
	Orwell’s engagement with Russell on this point has wider implications when we consider Russell’s important work on the foundations of mathematics. In Principia Mathematica Russell and Whitehead had attempted to ground mathematics in fundamental logic. On page 379 of that work, the momentous conclusion is reached: 'From this proposition it will follow, when arithmetical addition has been defined, that 1 + 1 = 2'.​[37]​ Russell’s project in Principia Mathematica seeks to establish a position for mathematics that is not grounded in empirical observation but in pure logic. There are further epistemological consequences of this for Russell. He wrote in The Analysis of Matter (1927), firstly, that 'clearly we may learn from experience that 2 + 2 = 4, though we afterwards realize that the experience was not logically indispensable', and then that ‘[t]he only legitimate attitude about the physical world seems to be one of complete agnosticism as regards all but its mathematical properties.’​[38]​ Like Winston Smith, Russell looks to mathematics as the last refuge of certainty, and in both cases Orwell suggests that even this seemingly secure realm of pure abstract logic stands to be overrun by totalitarian politics. 
	Russell’s arguments responded to a widespread crisis in the foundations of mathematics, as neo-Kantians led by Frege revived a debate about what exactly Kant meant by the category of synthetic a priori knowledge (the category to which he had allocated mathematical statements), and whether recent innovations such as Cantor’s transfinite numbers could also be contained in this ontological category. The three schools of logicism (Frege, Russell and Peano), intuitionism (Brouwer and Weyl) and formalism (Hilbert) all sought to set mathematics on the firm foundations of some stable axioms. These attempts to establish the philosophical foundations of mathematics (which there is not space to detail here) took place against a tide of scepticism within philosophy that argued that mathematical precepts had no objective validity. Edmund Husserl argued in The Crisis of European Sciences and Transcendental Philosophy that mathematical rationality was a historically specific product of the Renaissance. Galileo, Descartes, Newton and others were guilty of the 

surreptitious substitution of the mathematically substructured world of idealities for the only real world, the one which is actually given through perception, that is ever experienced and experienceable—our everyday life-world.​[39]​ 

Martin Heidegger set out a very similar argument in What Is a Thing?: the mathematical is ‘a fundamental trait of modern thought’.​[40]​ Mathematical and scientific results—he gives the example of Newton’s first law of motion—are thus symptomatic of a particular historical moment, rather than having the universal validity attributed to them by, say, Plato. The curse of modern humanity is that it can only see the world through the restrictive prism of mathematical reason: phenomenology sought to restore the importance of experiences unmediated by quantitative knowledge.
	A different form of scepticism about the possibility of universal mathematical truths was represented in this period by Wittgenstein. In On Certainty, he suggested that mathematical statements had validity only according to the arbitrary rules of a particular language game. ‘Every language-game is based on words ‘and objects’ being recognized again. We learn with the same inexorability that this is a chair as that 2 x 2 = 4.’​[41]​ It is true to say that this is a chair just as it is true to say that 2 x 2 = 4. But nobody would deny that the first proposition is true only in a certain place at a certain time—elsewhere this chair is une chaise; lots of cultures subsisted without chairs—and Wittgenstein wants to insist that our intuitive certainty about mathematical propositions is of the same order. Orwell’s text seems to be playing with very similar ideas: when O’Brien holds up the four fingers of his hand, a priori mathematical certainty and empirical certainty are simultaneously thrown into doubt, and are precisely analogous. Certainty, for Orwell (as for Russell), has a positive political value. This contradicts the Romantic belief that certainty is authoritarian. Nevertheless, for Orwell, certainty cannot be guaranteed. What Russell had failed to grasp, he implied, was that totalitarian government is possible because of its ability to manipulate epistemological uncertainty. 





In Anti-Dühring and the posthumous Dialectics of Nature, Friedrich Engels attempted to show that ‘nature works dialectically and not metaphysically’, and furthermore that ‘[n]ature is the proof of dialectics’. It was essential to his argument, given the widely held belief that mathematical statements were the ne plus ultra of a priori truth, that mathematics was also dialectical.​[46]​ He argued that mathematical statements were not fixed truths but subject to historical development and change, and moreover that mathematics is essentially a descriptive science anchored in the observation of material reality. Which is to say that mathematics is both historical and material. Engels attempts to prove that 2 + 2 does not always equal 4 by highlighting the differences between different numeral systems. To be sure, he reasons in Dialectics of Nature, within the decimal system 2 + 2 = 4. But:

	All numerical laws depend upon and are determined by the system adopted. In dyadic and triadic systems 2 multiplied by 2 does not equal 4, but =100 or =11. … in the system based on 5, 5=10, 10=20, 15=30.​[47]​

It is hard not to see Engels’s deployment of different numeral systems on either side of the “=” sign as mere sophistry. If Engels was not aiming to prove that maths was riven with contradictions and therefore subject to the historical dialectic, he might have expressed himself differently. He might have written that within the binary (or “dyadic”) system, 2 + 2 = 4 is expressed as 10 + 10 = 100. It is simply a mistake to read this as “ten plus ten equals a hundred”, which Engels’s examples disingenuously encourage us to do. Engels’s argument offers no fundamental challenge to the idea that 2 + 2 = 4. (This is not, of course, to say that no such challenges exist.) 
The flaws in Engels’s critique of mathematics were set out in the early 30s by Georges Bataille and Raymond Queneau, who labelled his examples ‘pseudocontradictions’. They went on to argue that ‘The dialectic does not express the nature of mathematics; it applies to the agent and not to the object of scientific enquiry’.​[48]​ Bataille and Queneau’s fascinating paper has a political urgency because of the fact that Engels’s historicist view of science, as promulgated by Plekhanov and taken up by Lenin, had assumed a central position in the ideology of the Soviet Union under Stalin. Bataille’s paper appeared in the Marxist anti-Stalinist journal La Critique Sociale. Such tensions were reflected, moreover, in the history of mathematics within the Soviet Union and the Communist international. The leading figures of the Moscow Mathematical society in 1917, Dimitri Egorov and Nikolai Luzin, were close to Florensky and like him and Bugaev saw mathematics as a realm where discontinuity, autonomy and free will were linked, with profound religious consequences. Egorov was an opponent of any attempts to bring mathematics in line with dialectical materialism. As president of the Moscow Mathematical Society, he remained an elder of the Church, and also refused to join the Union of Scientific Workers.​[49]​ Facing criticism for this truculence, in 1930 Egorov told a meeting of the society that ‘nothing else but the binding of a uniform Weltanschaung on scientists is genuine wrecking’.​[50]​ Egorov was arrested in September 1930, for crimes including 'mixing mathematics and religion', and sent to prison exile near Kazan.​[51]​ Florensky, who insisted on giving his scientific papers dressed in his priest’s cassock even in the high Stalinist period, was sent to prison camp in 1934 and shot in 1937. 
In the Soviet Union, mathematics was characterised by conflict between the Bolshevizers and those who sought by various means to pursue a pure mathematics, which they were able to do with some success. The Bolshevizers did not hold a monopoly on mathematical truth. There was no Lysenko figure in maths, but the Czech expatriate Ernst Kol’man, the leading figure among the Bolshevizers, sought to establish himself in this position. Kol’man’s line was predictable enough: ‘Mathematics … cannot be separated either from the philosophy of dialectical materialism’ he wrote, before adding a sinister addendum that was perhaps only implicit in Engels’s theory: ‘or from the policies of our Party’.​[52]​ His views were heard and widely reported in Britain, when he attended the International Congress of the History of Science and Technology in 1931 with a delegation of 10 Soviet scientists, including Bukharin, and B. Hessen, who read a long and influential paper on ‘The Social and Economic Roots of Newton’s ‘Principia’’. Bernal, Haldane, and other key British scientists were present. Speaking at the conference, Kol’man said: 

	Acknowledging the Leninist principle that the sciences are not impartial, we 
shall place mathematics at the service of Socialist construction, and in this way save it from the decay that is inescapable under Capitalism.”​[53]​

This was not to be done by pursuing discontinuous functions in the manner of recent Russian mathematicians: Kol’man attacked a recent book by Luzin, one of the leading lights of the Moscow Mathematical Society, which had followed the path set by Bugaev and Florensky at the turn of the century. Having described Luzin’s areas of interest, Kol’man asks: ‘where is there in material nature anything for which such an absolute discontinuity would be adequate?’ Such mathematics had lost touch with material reality and Kol’man condemned it as ‘solipsism’.​[54]​ Moreover, the quest for the foundations of mathematics was simply an expression of ‘the anxiety of bourgeois mathematicians to separate themselves from matter and dialectics by the veil of formal logic, guiding them directly into the desert of scholasticism.’ Mathematicians must ‘realise the true connection between concrete and abstract, … dissociate themselves from the attitude which makes a fetish of mathematics, from the idealist and non-dialectic conception of the relation between mathematics and reality’.​[55]​ 
At the congress, the Manchester Guardian reported an ‘interesting observation’ by David Guest—the British Communist mathematician—who suggested that the ‘apparent contradictions’ of mathematics ‘have … arisen from the separation of mathematics from social life and the failure of philosophers to remember that pure mathematics, as all other knowledge, is founded on human experience’.​[56]​ Guest had experienced both extremes of the controversy about the nature of mathematical knowledge, having studied mathematical logic under Wittgenstein at Cambridge, and under the formalist David Hilbert at Göttingen.​[57]​ On his return to Cambridge in 1931, following his experience of the rise of Nazism in Germany, he joined the Communist Party. In 1933 Guest travelled to the Soviet Union where he became mathematics and physics teacher at the Anglo-American School in Moscow, learning Russian in order to tackle recent Soviet thinking on mathematics.​[58]​ He was appointed to a lectureship in mathematics at Southampton, where the professor of mathematics H.S. Ruse remembered him discussing philosophical questions that ‘seemed to me interesting but rather academic, but were to him of vital importance because they formed the basis of his political convictions.’​[59]​ He was killed fighting in the Spanish Civil War in 1938. Guest’s only book A Text Book of Dialectical Materialism was published posthumously in 1939, and contains only hints of what his Marxist mathematics would have looked like. For Guest, dialectical materialism was engaged in a ‘fight on two fronts, against a science of metaphysical absolutes on the one hand, and on the other, the idea that ‘everything is relative’’, positions which he associated with his old teachers Hilbert and Wittgenstein respectively.​[60]​ Guest depicted Wittgenstein wallowing in a ‘bog of solipsism, mysticism and sheer contradiction’ in an essay first published in Moscow in 1934.​[61]​ Writing in the Labour Monthly in 1937, Guest described the crisis of the foundations of mathematics, with the competing schools of formalism, logicism and intuitionism. Unlike Kol’man he didn’t dismiss this as mere bourgeois metaphysics: for him, Brouwer and Weyl’s questioning of the law of the excluded middle from the perspective of intuitionism was ‘the spirit of dialectics breaking through the hard shell of formal logic.’​[62]​ What was needed now was the application of many minds to the problem of developing a properly Marxist mathematics. His Cambridge friend and Party comrade Maurice Cornforth remembered him saying before he left for Spain:

	Mathematical Philosophy will never be settled under capitalism. It requires the co-operation of a whole group of Marxists, and we haven’t the opportunity to do that now! ​[63]​

Like Guest, Arthur Koestler also travelled to Spain as a Communist to fight for the republic, but he narrowly survived. Koestler suffered 102 days of imprisonment in a fascist prison in Seville, where he was subjected to solitary confinement and driven close to insanity by the almost nightly spectacle of his fellow prisoners being shot without trial in the square outside his window. Koestler later came to understand his time in Franco’s prison as a crucial turning point for his conversion to anti-communism. Koestler had long been interested in mathematics and physics, and mathematics played an important role in the way Koestler subsequently imagined his turn away from communism. 
His time in the Fascist prison was described in the second part of Spanish Testament (1937), and republished in edited form as Dialogue With Death, later in the same year: before Koestler’s decisive break with communism. Here, mathematics simply provides a respite from the harsh realities of prison: ‘a … pill to help him to arrive at a modus vivendi with his misery’.​[64]​ Koestler described how he occupied himself by scratching mathematical formulae onto the wall of his cell. When Koestler returns to these events in 1952 in The Invisible Writing, he writes that his earlier attempts to describe his imprisonment had neglected ‘internal developments’ which he was now in a position to analyse, from a post- and indeed anti-communist standpoint.​[65]​ Koestler called his epiphany ‘the hours by the window’. It was stimulated by his contemplation of Euclid’s proof of this infinitude of prime numbers, which provided ‘a deep satisfaction that was aesthetic rather than intellectual’. He went on:

the scribbled symbols on the wall represented one of the rare cases where a meaningful and comprehensive statement about the infinite is arrived at by precise and finite means. … I was floating on my back in a river of peace, under bridges of silence. It came from nowhere and flowed 	nowhere. Then there was no river and no I. The I had ceased to exist.

Koestler concedes that ‘[i]t is extremely embarrassing to write down a phrase like that when one … aims at verbal precision and dislikes nebulous gushing’.​[66]​ This spiritual awakening through mathematics ‘had started with the rational reflection that finite statements about the infinite were possible’. But it provided ‘the groundwork for a change of personality’, and a decisive break with ‘the concise, rational, materialistic way of thinking which, in thirty-two years of training in mental cleanliness, had become a habit and a necessity like bodily hygiene’.​[67]​ For Koestler this meant break with dialectical materialism: mathematics provides a means of breaking with a philosophy that has come to seem too narrowly rationalistic. 
In his mathematically-induced state of nirvana, Koestler realises that he is willing to sacrifice his life for the sake of his prison friends Nicholas and Arturo, not based on some utilitarian calculus, but for mysterious spiritual reasons: ‘it struck me as self-evident, in the manner of twice two being four, that we were all responsible for each other—not only in the superficial sense of social responsibility, but because, in some inexplicable manner, we partook of the same substance or identity.’ He contrasts this with Communist ethics, whereby ‘Nicholas existed merely as a social abstraction, a mathematical unit, obtained by dividing a mass of ten thousand Militiamen by ten thousand.’​[68]​ It seems I have come full circle and that I am talking about utilitarianism again: but the situation is more complex than it was with Shaw or Muggeridge: ‘twice two is four’ is on the side of an intuitive ethics of common human feeling, and against the mathematical abstractions of dialectical materialism. Later, in The Act of Creation (1964), Koestler was to set out a historical account of the development of mathematical concepts pointing out (as Engels had done in Dialectics of Nature) that ‘Australian aborigines have only three number-words in their vocabulary: one, two, and many.’ It does not appear that Koestler meant to imply that mathematical axioms were themselves subject to historical variation, but he insisted that ‘Progress in the apparently most rational of human pursuits was achieved in a highly irrational manner’.​[69]​ Mathematical and aesthetic insights happened on the same plane. 

*            *            * 
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